I-V characteristics of TiN/HfOx/AlOx/Pt RRAM are measured by a DC double sweep. An Agilent B1500A is used in the measurement. The bottom electrode of the device is grounded, and then a ramped voltage is applied to the top electrode. It's worth noting that our RRAM devices possess asymmetric resistive switching characteristics, which include an abrupt SET and a gradual RESET. During the SET process, as soon as a certain threshold voltage is reached, the RRAM switches from its high-resistance state (HRS) to low-resistance state (LRS), During the RESET process, it switches from LRS to HRS. During SET, a 2mA current compliance was enforced for the prevention of permanent breakdown of the device. It is widely accepted that a large nonlinearity in the I-V characteristics of the metal-oxide RRAM itself is needed to mitigate the leakage current of the array 9 , and our RRAM meets this requirement well. In addition, when the applied voltage is as low as 0.1V, nondestructive read can be achieved. The DC double sweep measurement has been repeated for 100 times, and it turns out that the characteristics of RRAM are relatively stable. 00V, 100ns) , the device shows stochastic SET characteristics, which are still abrupt. Such stochastic SET characteristics have been reported before 10 . Yet in this work, we only use the deterministic abrupt SET characteristics. In all these experiments, an Agilent B1500A semiconductor device analyzer, an Agilent 34980A multifunction switch/measure unit, and an Agilent 81160A pulse function generator are used. The top electrode voltage of Column #390b. At about t = 100ns, a read pulse is applied. At about t = 300ns, the SET process is conducted. At about t = 500ns, another read pulse is applied. Then by employing different number of "strong" pulses (VRESET) and "weak" pulses (1/3 VRESET), the RESET process is conducted. Finally at t = 4000ns, we read once again. The conductance of the RRAM cells discussed above in different period is shown in this table. It can be observed that the conductance changes of each cell is different. At first, the RRAM cells are initialized with random conductance. And after the SET process, all cells in the selected Row #1 switch to the low resistance state, while the RRAM cell in the unselected Row #2 does not change its conductance. After the RESET process, in Row #1, three different conductance values are obtained, while in Row #2, the conductance remains unchanged.
